ABSTRACT. We applied previously published PCR primer pairs to amplify alleles at three polymorphic microsatellite loci to determine the genetic relationship of 6 bottlenose dolphins (Tursiops truncatus) that were living together in a Japanese aquarium. The three microsatellite loci were sufficient to determine the haplotype relationships of the six dolphins, which represented three different generations. It was confirmed that this genotyping method is simple and economical for assessing, establishing and maintaining genetic diversity in captive populations and will become a very effective technique for ex situ conservation in aquariums and zoos. KEY WORDS: bottlenose dolphin, microsatellite DNA analysis, paternity determination.
The familial relationship of wild animals is difficult to assess: observation of females during pregnancy is limited and the real biological fathers generally remain unknown. Nevertheless, such information is important for dealing with animals in captivity in order to prevent inbreeding and to manage and preserve the inherited genetic diversity of animals. Many modern aquariums and zoos no longer just maintain and display captured animals for public viewing and economic profit, but have also taken on the additional responsibilities of proper care and breeding programs for animals in captivity. The management by DNA analysis of individual animals and population groups within aquariums and zoos is now becoming an important tool for determination of the inherited variety, relationships and the kinship states between the individuals in populations under inbreeding pressure.
Microsatellite DNA analysis has become more widely used in recent times as a low-cost, rapid and accurate method of choice not only in humans for analysis of paternity [3, 6] and disease susceptibility [4, 7] , but also for paternity and population studies in wild and captive animals [1, 5, 8, 10] .
Polymorphic microsatellites are variable and abundant tandem repeats of short sequences (2-6 bp) that are dispersed throughout most eukaryotic nuclear genomes and transmitted from one generation to the next by a simple and stable Mendelian inheritance [12] . Microsatellites are efficiently amplified using PCR techniques because of their relatively small sizes, which range within the limits of the standard amplification and detection methods.
In this paper, we employed polymorphic microsatellite PCR analysis of preserved tissues specimens that were taken from 6 captured bottlenose dolphins (Tursiops truncatus) living at an aquarium in order to determine their familial relationships for future breeding management. We describe the use of a PCR and capillary electrophoresis protocol that has provided a high-throughput, low cost alternative to the standard PCR protocol, such as using polyacrylamide gel migration and ethidium bromide DNA staining. Microsatellite paternity testing by capillary electrophoresis was successfully and easily applied to identification of the captive born dolphins using a minimum of three primer pairs. Tissue samples (blood, muscle and/or umbilical cable) were obtained from 6 bottlenose dolphins at the Shin Enoshima Aquarium, Kanagawa, Japan. The six animals represented three generations and are referred to here as A1 (male born at this aquarium), A2 (female of wild origin), A3 (first generation male of wild origin), B1 (male, son of A1), B2 (second generation female, daughter of A2 and either A1 or A3) and C1 (daughter of B1 and B2 and representative of third generation).
Three microsatellite primer pairs were used, D-18 and D-22 [9] and EV37Mn [11] , to assess the genetic identity and relationship of the 6 dolphins. The microsatellite primer sequences and sequence characteristics for the 3 loci are presented in Table 1 . PCR reactions were carried out in 25 µl reaction volumes using the following conditions: 1.5 mM PCR buffer, 0.2 mM dNTPs, 1.5 m M MgCl 2 , 0.25 U of Taq polymerase (Promega), and 20-40 ng of genomic DNA and 0.25 mM of each primer. One primer from each pair was fluorescently labeled with 6-FAM ( Table 1 ). The thermocycling conditions for the D-18 and D-22 primer pairs were 5 min at 95°C followed by 30 cycles of 1 min at 94°C, 30 sec at 56°C and 30 sec at 72°C, followed by final extension of 4 min at 72°C. The thermocycling conditions for the EV37Mn primer pair were as follows: 2 min at 90°C, 10 * CoRRESPONDENCE TO: MURATA, K., Department of Wild Animal Science, Nihon University, Kameino 1866, Fujisawa, Kanagawa 252-8510, Japan. e-mail : k-murata@brs.nihon-u.ac.jp cycles of 1 min 93°C, 1 min at 53°C and 50 sec at 72°C, 25 cycles of 45 sec at 90°C, 1 min at 63°C and 1 min at 73°C, followed by a final extension of 5 min at 72°C. PCR products were analyzed by capillary electrophoresis in ABI 3100 Genetic Analyzer (Applied Biosystems, PE), and labeled PCR products were automatically sized using the GeneScan 500 ROX internal ladder; the sized alleles were assigned using the GeneScan TM Analysis 2.0 software. The Genotyper software (Applied Biosystems, PE) was used to check the Mendelian segregation of microsatellite alleles. PCR analysis of the three sets of polymorphic microsatellite markers was successful for all the dolphin tissue samples.
Clearly assigned bands were identified as alleles at three microsatellite loci, D-18, D-22 and EV37Mn. The PCR product sizes for each of the 3 primer sets used for microsatellite DNA analysis are shown in Table 2 . There were three different PCR product sizes at D-18, four different sizes at D-22 and 6 different sizes at EV37Mn.
Before the start of this study, it was not clear whether the father of B2 was dolphin A1 or dolphin A3. Figure 1 shows the pedigree of the 6 dolphins in this study and the diploid results of the PCR product sizes using capillary electrophoresis. Accordingly, the paternity microsatellite PCR results show that the band pattern for C1 was probably inherited from B1 as the father and B2 as the mother. A1 was probably the father of B1, as they shared the same size The bottlenose dolphin is a common marine mammalian species distributed worldwide in temperate and tropical waters, and there have been a number of genotyping studies performed on bottlenose dolphin populations in the wild and in captivity using polymorphic microsatellite PCR techniques [2, 3, 9, 11] . We chose to use only three primer pairs, first described as D-18 [9] , and D-22 [9] and EV37Mn [11] , for study of the genetic identities and relationships of the 6 bottlenose dolphins. The D-18 and D-22 primer pairs were isolated from a male bottlenose dolphin genomic library and were found to have an expected heterogosity of 0.769 and 0.756 for bottlenose dolphins [9] . We considered that the three primer pairs that we had selected were sufficient for our study, and we therefore did not examine or employ published microsatellite primer pairs for other loci, such as MK series [3] , other EV series [11] and D series loci [9] . The aquarium history of the six dolphins studied revealed that dolphins A1 (male) and A2 (female) had first been kept together in the same holding pool and were separated from dolphin A3 (male) by a fish net. At the time of A2's pregnancy, A1 was assumed to be the father of the expected newborn, B2. However, this assumption was gestioned when the newborn dolphin, B2, a few months after its birth looked more like A3 than A1. Therefore, the managers of the aquarium wanted to identify the father of B2 using DNA paternity technology for future genetic management of these and other animals. We used three pairs of microsatellite primers, D-18, D-22 and EV37Mn, previously described for PCR [9, 11] and assumed that the loci of these microsatellites were unlinked or located on different chromosomes. Analysis of the alleles generated by PCR of the three microsatellite loci revealed that B2 was indeed the daughter of A2 and A3. In addition, these microsatellite markers confirmed that dolphin C1 was the daughter of father B1 and mother B2, and that A1 was the father of B1. The mother of B1 was deceased and not present with the living dolphins at the aquarium at the time of the tissue specimen collections. Three polymorphic microsatellite loci were considered the minimal requirement for obtaining reasonable statistical probability in assessment of the individual relationships of the six dolphins studied here in, even though the actual frequency of each allele at the three microsatellite loci was not known for the bottlenose dolphins. Since our main objective was to identify the father of dolphin B2, we could assume with reasonable probability that the true father of B2 was A3 and not A1 on the basis of the PCR results using only three primer sets and the accuracy of the breeding records. It was possible to analyze genetic relationships between living and deceased individuals in this study by using preserved tissue samples that were collected and stored at the aquarium. It will be important in the future to preserve a variety of tissue samples from individuals for further inspection and genetic management of animal populations using progressive molecular biological techniques at aquariums and zoos. The addition of improved DNA fingerprinting and RAPD-PCR methods [2] to the PCR microsatellite typing method described in this study will help with long term management of the genetic diversity of captured bottlenose dolphins maintained in aquariums and zoos.
